Surface waves are studied in axially non-uniform cylindrical cold plasma with a linear density profile. The real frequency, damping rate, and eigenfunction for the transverse magnetic mode in pure surface waves are obtained for collisional plasmas, where the plasma resonance is taken into account. It is shown that the eigenfunction peaks at the position of the plasma resonance layer.
Surface waves have attracted much interest in the context of heating and diagnostics for processing plasmas. The surface waves discussed by Ghanashev et al. [1] [2] [3] are based on a simple uniform plasma model; however, strictly speaking, the plasma is non-uniform.
In this paper, we study surface waves in cold cylindrical plasmas having a non-uniform axial density profile. In this case, we encounter the problem of plasma resonance [4, 5] ; that is, the wave equation becomes singular at the layer where the wave frequency ω is equal to the electron plasma frequency ω pe when there are no collisions. Here, we solve the dispersion relation and eigenfunction for the transverse magnetic (TM) modes of surface waves, taking into account this plasma resonance.
Our starting point is Maxwell's equations for electromagnetic wave fields E and B given by
where ε r = ε/ε 0 , and ε 0 and µ 0 are the permittivity and permeability of free space, respectively, and c is the speed of light. If we assume an exp(-iωt) dependence for E and B, we obtain from eqs. (1) and (2),
where k 0 = ω/c. We assume here that ε r is radially uniform and is a function of z only. In this case, eq. (3) is divided into the following two equations:
( )
In this case we assume that a radially uniform plasma is contained in a metal chamber having radius a. We also assume an axial model shown in Figure. 1. The metal plate corresponding to the slot antenna is located at z = -h, quartz of ε 1 = 4 exists for -h < z < 0, the plasma density increases linearly for 0 < z < d, and the density is uniform with N 0 for z > d. When we assume a separable wave form as, for E z and ∇ ⊥ ·E ⊥ ,
and furthermore, if we assume that ψ satisfies ( )
we obtain coupled equations for F and G as
The solution of eq. (9) 
where J m is the Bessel function of the first kind, c 1 and c 2 are the integration constants, and m is an integer. From the boundary condition that E θ = E z = 0 at r = a, that is, J m (λa) = 0, we obtain We next consider the solutions of eqs.(10) and (11). From the boundary conditions in which E θ = E r = 0 at z = -h, and E z = 0 at z = ∞, we obtain, for −h < z < 0,
(k 0 2 < λ 2 /ε 1 ) and for z > d, 3 3 exp( ) 
